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(54) OPTICAL DISK MASTER DISK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To permit the formation of finer pits by 
controlling the sectional shapes of the pits formed in a photoresist layer at 
the time of exposure and to attain a higher density by forming the 
photoresist layer via an intermediate layer having a refractive index 
different from the refractive index of a substrate on this substrate. 
SOLUTION: At the time of exposure to a master disk constituted by 
applying the photoresist layer 13 via the intermediate layer 12 on the high- 
reflectively substrate 11, the nodal portions of the standing wave changing 
at a period of ?i/2n1, when the refractive index of the intermediate layer is 
defined as n1 and the wavelength of a laser beam as X, are positioned 
outside the layer of the photoresistor, by which the pit sectional surface 
after development may be made nearly to a rectangular shape free from 
shear droops and the formation of the finer pits is made possible. If the 
refractive index of the substrate 1 1 is defined as ns, the film thickness of 
the intermediate layer 12 as d1, the refi-active index of the photoresist 
layer 1 3 as nTi and the film thickness thereof as dji, ns>n1 and 
n1*d1+nr*dr<V2 are obtd.. by which the position of the node of the 
standing waves at X/2 from the substrate surface may be located at the 
outside of the photoresist layer 1 3. 
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Japan Patent 0££ice is not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim 1] The optical disk original recording which possesses much more middle class who consists of the quality of the 
material from which a substrate, this substrate formed on this substrate, and a refractive index differ, and the photoresist 
layer prepared on this middle class, and is characterized by coming to record information by exposing by irradiating the 
laser beam modulated according to the information which should be recorded at said photoresist layer, and developing 
this photoresist layer after exposure at least. 

[Claim 2] Optical disk original recording according to claim 1 characterized by being ns>nlnl*dl+ nr*dr<lambda / 2 
about the wavelength of said laser beam when the refractive index of dl and said photoresist layer is set to nr and 
thickness is set [ the refractive index of lambda and said substrate / the refractive index of ns and said middle class ] to 
dr for nl and thickness. 

[Claim 3] It is the optical disk original recording according to claim 1 or 2 which said substrate is a silicon substrate and 
is characterized by said middle class being silicon oxide. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] This invention relates to the optical disk original recording for manufacturing the optical disk 
with which information was recorded by the pit and the groove, and relates to the optical disk original recording suitable 
for manufacturing a high-density optical disk especially. 
[0002] 

[Description of the Prior Art] An optical disk is the record medium which recorded mformation by the exposure of a 
light beam as the pit which can be read, a phase change mark, etc. It is observed as memory [ large capacity with high 
density / such an optical disk ], and is put in practical use as various kinds of information processing system or a record 
medium for audio video signals, and research and development are furthered also for current towards further 
densification and large-capacity-izing. 

[0003] The manufacture process of an optical disk is usually applying a photoresist to the glass substrate used as 
original recording, exposing by narrowing down optical BI 1 MU modulated according to the information signal on the 
photoresist layer, and irradiating it with an objective lens, developing negatives further, and removing an exposure part, 
and forms a pit or a groove. , • • j 

[0004] Next, La Stampa of the metal by which the shape of surface type of original recording was correctly impnnted 
with the electrocasting technique is produced using the original recording by which the photoresist layer was exposed 
and developed in this way, the shape of surface type in which the pit, the groove, etc. were formed of injection molding 
using the La Stampa is imprinted to a resin substrate at a precision, and a lot of duplicate substrates are obtained as a 
disk substrate. By forming the reflective film and record film on this disk substrate, the optical disk with which the pit, 
the groove, etc. were formed is completed. 

[0005] Although not restricted to an optical disk, it does not know fliat the demand of large-capacity-izing to various 
record media remains. In order to respond to the request of the further large-capacity-izing of an optical disk, tiie 
densification of a disk is indispensable and, for that purpose, needs to make the pit on an optical disk small. About 
micrifying of the pit in original recording, wavelength of the light beam for exposure is shortened, or the utoa-fine 
processing technology which forms a pit with a diameter of about 0.2 micrometers using the approach of recording with 
an electron ray is being developed. r • -h 

[0006] If a high density pit is formed by such conventional approach, the wall surface configuration of a pit will become 
taper-like, and the so-called "who" will produce it in opening of a pit wall surface. For this reason, if densification of the 
optical disk is carried out, between an adjacent pit, especially the pit which adjoins each otiier in a truck tangential 
direction, whose parts will overiap and right pit formation will become difficult. Moreover, compared with the 
unexposed section, whose part of a pit wall surface has large surface roughness, and tends to serve as a noise of a 

regenerative signal. ^ • r • i j- i 

[0007] In order to avoid whose problem of such a pit wall surface on the occasion of the densification of an optical disk, 
a still smaller pit is formed, or it is necessary to conti-ol the cross-section configuration of a pit and to form a pit witiiout 
whom. However, pit size is fundamentally decided by the wavelength of a light beam, and the numerical aperhire NA of 
an objective lens, it restiicts and it is thought that there is nothing for which the optical disk original recording 
configuration of the present condition that the cross-section configuration of a pit also forms a photoresist layer on a 
glass substrate is taken and that change a lot. As a conclusion, the pit was small to the densification of an optical disk as 
much as possible, and it was asked for moreover the cross-section configuration of a pit being delicately conti-ollable. 
[0008] 

[Problem(s) to be Solved by the Invention] As mentioned above, by the Prior art, the pits which who of a pit anses and 
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adjoin if densification of the optical disk is carried out interfered, right pit foWnation became difficult, and there was a 
trouble of whose part of a pit wall surface making the noise of a regenerative signal increase. 
[0009] Moreover, although what is necessary is to make pit size still smaller or just to be able to control the cross- 
section configuration of a pit, in order to avoid whose problem of such a pit wall surface, such a technique is not yet 
developed. 

[0010] This invention is controlled so that who is eased, and aims at offering the optical disk original recording which 
can perform more detailed pit formation so that it might not be made in order to solve the trouble of such a conventional 
technique, and who may not produce the cross-section configuration of a pit on a wall surface on the occasion of the 
densification of a disk. 
[0011] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the optical disk original 
recording concerning this invention prepares a photoresist layer through much more middle class who consists of the 
quality of the material from which this substrate and a refractive index differ at least on a substrate, and is constituted. 
And it exposes by irradiating the laser beam for exposure modulated according to the information which should be 
recorded at a photoresist layer, and information is recorded by developing the photoresist layer after exposure. 
[0012] Moreover, it is characterized by this invention setting wavelength of the laser beam for exposure to 
ns>nlnl *dl+ nr*dr<lambda / 2 in such a configuration, when the refractive index of dl and a photoresist layer is set to 
nr and thickness is set [ the refractive index of lambda and a substrate / the refractive index of ns and the middle class ] 
to dr for nl and thickness. 

[001 3] By such configuration, by controlling the location of the knot of the standing wave produced in a photoresist 
layer in this invention at the time of the exposure of the laser beam for exposure by the interlayer, the cross-section 
configuration of a pit can be controlled so that there is who [ no ] of the wall surface of opening of a pit, a track pitch 
and a pit pitch can be packed by this, and high-density optical disk original recording can be realized. 
[0014] Hereafter, if this principle is explained, using a glass substrate, the conventional optical disk original recording 
applies a photoresist directly on it, is constituted, will expose and develop a photoresist layer and will be made. In this 
case, a glass substrate and a photoresist layer have the small difference of a refractive index, and in order to hardly be 
influenced by the reflection fi-om a substrate, the latent image (exposure profile) of the exposed photoresist layer serves 
as a product of the laser beam for exposure which had Gaussian distribution obediently, and the gamma property which 
a photoresist has. For this reason, the cross-section configuration of the pit formed had large opening, it became the 
configuration where the pars basilaris ossis occipitalis had a small taper (whom), and this had become the hindrance of 
densification. 

[001 5] On the other hand, if a high reflection factor substrate like a silicon substrate as a substrate of optical disk 
original recording is used, a standing wave will arise in a photoresist layer by reflection of the laser beam from a 
substrate at the time of exposure, and the phenomenon of distribution of exposure changing by this and changing the 
cross-section configuration of a pit in the direction of thickness will arise. In the manufacture process of a 
semiconductor device, in order that this standing wave may make dimensional accuracy produce an error, the 
photoresist layer, the process, etc. are devised so that this may be lost as much as possible. 
[0016] On the other hand, the cross-section configuration of a pit is controlled in this invention, using this standing 
wave positively. That is, it is difficult to control the cross-section configuration of a pit freely in a glass substrate, since 
a parameter has only the thickness and the refi-active index of a photoresist layer. Then, the middle class who consists of 
a thin fihn suitable on a substrate is formed, distribution of the standing wave produced in a photoresist layer by 
optimizing this middle class's refi'active index and thickness according to desired photoresist layer thickness at the time 
of exposure is controlled, and it enables it to control the cross-section configuration of the pit formed of development by 
this invention. 

[001 7] If the standing wave produced in a photoresist layer sets wavelength of the laser beam for exposure to lambda 
and the refi-active index of the interlayer between a substrate and a photoresist layer is set to n, it will repeat tiie strength 
of exposure reinforcement with the period of lambda/2n from the high reflection factor side of a substrate. In the case of 
the conventional optical disk original recording witiiout the middle class, the standing wave which repeats the strength 
of exposure reinforcement with the period of lambda/2n similarly as n produces the refi-active index of a photoresist 
layer. 

[0018] If an interiayer is prepared like the optical disk original recording of this invention, where the part of the knot of 
a standing wave is located with this interiayer's thickness will change. Since an exposure pattern changes by the upper 
and lower sides of a knot, if the part of a knot is in a photoresist layer, the cross-section configuration of a pit will 
become the narrow form. Then, pit cross-section configuration of who [ near and ] after development can decrease in a 
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rectangle depending on how for thwart of an at present to exist in the mid(^^lass*s inside or the exterior of a 
photoresist layer, and make it not located in the interior of a photoresist layer, and choose the exposure reinforcement of 
the thickness direction of a photoresist layer. 

[0019] for this reason being alike - in the refractive index of lambda and a substrate, it is [ wavelength / of the laser 
beam for exposure / refractive index / of ns and the middle class / thickness / nl and ] needed, when the refractive index 
of dl and a photoresist layer is set to nr and thickness is set to dr that it is ns>nl and nl *dl+ nr*dr<lambda / 2. nl *dl 
and nr*dr are the optical thickness of the middle class and a photoresist layer, respectively. 

[0020] The location of lambda/2 will be located in the exterior of a photoresist layer by doing in this way, the knot, i.e., 
the substrate side, of a standing wave. Even if an interlayer's thickness is the thickness which applied the thickness of 
the integral multiple of lambda/(2*nl) to the value of dl here, it cannot be overemphasized that it thinks the same way 
from the periodicity of a standing wave. 

[0021] Moreover, if the refractive index of a substrate is set to ns, to nr and nl, that ns has a frilly different value will be 
the conditions which a standing wave produces by reflection of a substrate front face, and, as for»this ns, it will usually 
take a big value to nr. 

[0022] It is required to choose the thickness the photoresist layer and whose thin film suited to the process according to 
process conditions, since the optimal thickness changes. Moreover, although constraint by the wavelength of the laser 
beam for playback arises since photoresist layer thickness becomes the pit depth as it is when imprinting the profile of a 
photoresist layer as it is and manufacturing an optical disk, it can ftiUy store in this condition. Moreover, in order that 
the permutation of a developer with the newer photoresist layer front face which serves as pit opening in fact may 
progress [ development ] early, it is easy to produce whom in pit opening as a process. Therefore, as for an exposure 
profile, it is desirable to make it exposure reinforcement become [ the direction of a photoresist layer front face ] weak. 
[0023] Thus, in the optical disk manufactured using the optical disk original recording constituted, the cross-section 
configuration of the pit formed becomes close to a rectangle, and even if it carries out densification conventionally, low 
noise-ization of a regenerative signal is attained. 
[0024] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with reference to a 
drawing. The cross-section structure of the optical disk original recording which starts 1 operation gestalt of this 
invention at drawing I is shown. Setting to drawing 1 , a substrate 1 1 is Si02 formed of thermal oxidation processing of 
Si substrate as an interlayer 12 who is a high reflection factor substrate like Si (silicon) substrate, and consists of the 
quality of the material from which a substrate 1 1 and a refiractive index differ on this. The film (silicon oxide) is formed 
in the thickness which is about 25nm. And on this middle class 12, a photoresist layer 13 is applied to the thickness 
which is 70nm, and serves as the optical disk original recording 10. 

[0025] Since a substrate 1 1 is a high reflection factor substrate, as a broken line shows to drawing.2 by reflection from a 
substrate 1 1 at the time of exposure, a standing wave arises in the middle class 12 and a photoresist layer 13. In this 
invention, as mentioned above, the cross-section configuration of a pit is controlled, using this standing wave positively. 
As shown in drawing 2 , specifically, the knot of a standing wave is made to lessen whom of a pit cross-section 
configuration by making it located in the exterior of a photoresist layer 12. Hereafter, this point is explained to a detail. 
[0026] When wavelength of the laser beam for exposure is set to 351mn, Si02 from which Si from which the refractive 
index of each quality of the material constitutes a substrate 1 1 constitutes ns=6.5 and the middle class 12 to this 
wavelength is nl =1 .5, and a photoresist layer 1 3 is nr=l .6. 

[0027] On the other hand, since the thickness of a photoresist layer 13 is equivalent to the depth of the pit formed in an 
optical disk, the optimum value according to the wavelength of the laser beam for playback exists. If the refractive index 
of 400nm and the disk substrate of an optical disk is set to 1.5 for tiie wavelength of the laser beam for playback, about 
70nm is required for the thickness of a photoresist layer 13. Si02 which is an interiayer 12 in order to make it to be 
located and there be no knot of a standing wave in the thickness direction of a photoresist layer 13 at this time There 
must not be 50nm or more of no membranous thickness. With this middle class's 12 thickness, distribution of the 
exposure profile (latent image) within a photoresist layer 13 changes. 

[0028] To drawing 3 - drawing_5 , it is Si02. The exposure profile of the photoresist layer 13 by membranous tiiickness 
is shown. Draw ing 3 is Si02. It is the case where there is no film and carried out to lOOnm in thickness of a photoresist 
layer 13. In this case, although based also on the power of the laser beam for exposure, since the bottom of a photoresist 
layer 13 is equivalent to the part of a knot, exposure is fiiUy impossible. Furthermore, it turns out that the latent image 
has done the front face of a photoresist layer 13 in the shape of a back taper. When it comes to a back taper, molding of 
an optical disk becomes impossible. 

[0029] Drawing 4 is Si02. It is the case where membranous thickness is set to 75nm. In this case, since that of the part 
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of a knot starts in a photoresist lay^l 3, even if it strengthens power of the ^^r beam for exposure, the vena contracta 
Ijas arisen in the photoresist layer 13 interior. 

[0030] Si02 which is the middle class 12 when drawing 5 is equivalent to this operation gestalt to these Membranous 
thickness is the case where the thickness of 25nm and a photoresist layer 13 is 70nm. The upper part is also fully 
exposed also for the part of the bottom of a photoresist layer 13. Although photoresist layer 13 front face is liable to a 
back taper a little, since it is in the inclination for opening to spread by development, if it carries out with some back 
taper a little, it turns out experimentally that the cross-section configuration of the pit formed does not have whom, and 
becomes close to a rectangle. 

[0031] Next, the manufacture process of the optical disk original recording of this operation gestalt is explained using 
drawing .6 . First, as shown in drawing.6 (a), an interlayer 12 is formed on a substrate 1 1. It is Si02 formed by an 
interlayer 12 doing thermal oxidation processing of this when a substrate 1 1 is an Si substrate. The film is suitable and 
easy also in process. Next, spreading formation of the photoresist layer 13 is carried out on the middle class 12 drawing 
6 (b) So that it may be shown. Next, it exposes by irradiating the laser beam 14 for exposure modulated according to 
information on the photoresist layer 13, as shown in drawing 6 (c). A pit 15 is formed by developing the photoresist 
layer 13 finally exposed as shown in drawing 6 (d) with a suitable developer, and removing an exposure part. 
[0032] Drawing J shows briefly the record optical system of the original recording recording device for recording such 
original recording. The laser beam which came out of the laser light source 21 used as the light source for exposure goes 
into the 1 st optical modulator 22, it branches in the two directions with a half mirror 23 after that, and one side is led to 
a photodetector 24. And feedback is applied to the 1st optical modulator 22 by the quantity of li^t control system 25 so 
that the optical power by which the monitor was carried out with this photodetector 24 may become fixed. 
[0033] Incidence of the laser beam of another side which branched with the half mirror 23 is carried out to the 2nd 
optical modulator 26, and optical intensity modulation is carried out to it. The laser beam after this modulation is guided 
by the mirror 27, it passes along the collimation system 28 with a lens, turns into a laser beam for exposure of suitable 
size, is further guided by the mirror 29, and carries out incidence to an objective lens 30. The laser beam for exposure 
extracted with the objective lens 30 is irradiated by the photoresist layer 13 on the optical disk original recording 10 
mentioned above. 

[0034] At this time, the magnitude of the pit after the development of a photoresist layer 13 and width of face are 
controllable by the power of the laser beam for exposure near the beam-spot size. If the numerical aperture NA of 
351nm and an objective lens 30 is set to 0.9 for the oscillation wavelength of a laser light source 21, the half-value 
width of the laser beam spot for exposure will be set to about 0.2 micrometers. 

[0035] It is possible to make the optical disk original recording which has the pit 15 of a cross-section configuration as 
shown in drawing 6 (d) from recording with the quantity of light which this half- value width exposes completely, and 
developing negatives as mentioned above after that. From this optical disk original recording, nickel La Stampa is 
manufactured with electroforming as usual, and injection molding reproduces an optical disk substrate from this La 
Stampa. 

[0036] And in the case of the optical disk only for playbacks, a pit cross-section configuration can form near and a high- 
density isolated pit in a rectangle on this optical disk substrate by forming record film, such as phase change film and 
optical MAG film, in the case of the reflective film and the optical disk for record playback, and an optical disk also 
with still few noises is obtained. 
[0037] 

[Effect of the Invention] The noise which controls a pit cross-section configuration, using positively the effect of the 
standing wave which stands in a photoresist layer when a detailed pit is formed in this invention, as stated above, 
becomes possible [ attaining densification of an optical disk effectively ] because who of a wall surface gives few cross- 
section configurations near a rectangle, and originates in whom of a pit wall surface can also be reduced. 
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PROBLEM TO BE SOLVED: To permit the formation of finer pits by 
controlling the sectional shapes of the pits formed in a photoresist 
layer at the time of exposure and to attain a higher density by 
forming the photoresist layer via an intermediate layer having a 
refractive Index different from the refractive index of a substrate on 
this substrate. 

SOLUTION: At the time of exposure to a master disk constituted by 
applying the photoresist layer 13 via the intermediate layer 12 on 
the high-reflectively substrate 11, the nodal portions of the standing 
wave changing at a period of >^/2n1, when the refractive index of 
the intermediate layer is defined as n1 and the wavelength of a laser 
beam as X are positioned outside the layer of the photore sister, by 
which the pit sectional surface after development may be made 
nearly to a rectangular shape free from shear droops and the 
formation of the finer pits is made possible. If the refractive index of 
the substrate 11 is defined as ns, the film thickness of the 
intermediate layer 12 as d1, the refractive index of the photoresist 
layer 13 as nicand the film thickness thereof as dTC, ns>n1 and 
n1*d1+nr4'dr<X/2 are obtd., by which the position of the node of the 
standing waves at X/2 from the substrate surface may be located at 
the outside of the photoresist layer 13. 
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5$ n > h a— ^<it fj'^^isb S nr v^fcp 
[0 0 0 8] 

n*^^U. BfSf §tf*y hH -5L;b^T^bTiELV>tf^y 
[0 0 0 9] ^fc. CtOcfc^^kf^y h^BtDZ-fn^T^PiaM 

[0 0 10] ^^mit. ^(^jfi'?^j:m^t^m(Dmm}^^ 

cfcD^ffliS:tf^y hJ^^;:>^T'^§)t-r^Xi^M^:&S 
[0011] 

ifYLxy:thiyzyyshm^mifxmjs.'^ri^o ^lt. 
iBfst-'^^mfBtcjs bT^i^^ nfcs^tffl u-trti-A 
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3 

[0 0 12] S/c. ^mmtC(Di:vrj:mmci3\.^X. 
n s > n 1 

nl*dl-i-nr*dr< A/2 

[0 0 13] c<D^otiimmc^^^ :^^mvt,±m^m lo 
[0 0 14] ccD^Mic-Di^^rmmt^t. 

[0 0 15] -7?. ^7^^Xi7M^^0Stgi:LTMx.(f 
\cmUfy'^<DU—^\i — L.(D^mc^'oXy^ hUi/T. 

y:^ V\yi/7s hil^:/a-trX55:^;&X*LTl>^o 
[0 0 16] cntcJfU *5l0>^Tnic:iO^ftJS;&jBWa 

mm(omy^mtmm^mmit'r^<ihx\ mmoy^^v 
[0 0 17] y:^v\yz^7.vm^\c^\:.^'^^m±. m 
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[0 0 18] ^^e^^o^^T^YXi^Mffi^Ocfc^tccfipp^/s^ 
^oicL. t'-::>y^hi-iyy.hm(Dm'^y^\^(omyt^& 

<> r£tifj'^'prs<rs^^^},cr^<itt)'^x^^o 
[0 0 1 9] <ieofca6tctiK)Kmu-iflf-i:.(?)ffliM^ 

A. mm(omifim^ns. ^mmcomm^^nu mm 

^d U y^h Ui/X h/i^O/ai/f^^n r. MJS^d r 
tl^fct^. n s > n U nl*dl+nr*dr 
<Xy2X$>:^<ltt^'2-^t^:^o nl*dl, nr* 
d r ti^n^'tiPfKil. y:^h UiyTs h/l<?)^¥W^iP 

[0 0 2 0] CCOcfc^tCt-^C^tCcfct). Sft?ScDMP. 
O S 0 SlgffiTb^ ^ A / 2 (Oiimi± y^h Ui/X hmco^ 
mcimT^iltlcrj::^, ilCX\ ffP^/fiOHiftid 1 

(omicx/ (2 * n 1 ) <o^ms<om^^f}u^rcm^x 

[0 0 2 1]^/c:. Smcommm^n strolls n 

[0 0 2 2] yti^x^mcx^xmmmmtcimtT^ 

fcA6. y^bUi^Xh/i. »Mi:t.fcyD-trXlc^o/c 
:/a :7 r s^K^ LT^-r ^ X ^ ^^f^ -r 

^©-a-s 7^M/i>*Xh/ij??^^^^DS$lf>y hgi^lc:^: 
mci,t\:fy hmn^t/3i^y:ir h Uv^X hSSMO??*^ 

[0 0 2 3] iKD^^icmf&^n^y^r^xi^mm^m 
^^xmj^^n^^'f^ 7.^\c^\.^x{ts MfH^ti^y^y 

[0 0 2 4] 

ST^-r^X^jfjiM^^BfffifiSifi^^-ro 0nc*3l/>T^ s 
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5 

[0 0 2 5] Sffil 1 A'«SSI^^»ffi"e*^/ca6. Mt^ 
?$tc tirSffi 1 1 ?b> ^ OSI^lc J: t) 0 2 J: 5 

y^hmi 2co9\^micimt^^^icr^ct\c^^. ^ 

[0 0 2 6] ST^fflU— If tf-A^0JSS^3 5 1 nmt 

Oz^^nl = l. 5. :7:^ h U>^X 1 3/)^n r = 
1. 6T*feSo 

[0 0 2 7] -7j> hUzy:^hmi scDm-^i^yt'T 

ffll/— tr— Acr)i^:g;&4 0 0 nm. it^f ^ 7.^ (O^f 

1 3<DiiE^li7 0 nm@JS:^)'«i2M!T*«§o CCOi:^^ "7 

(/><^-9^c'r^tcti. ff'F^/ii 2T*^^s i 02 m<^n^ 

5 O nmiX±^oTt±^^^l/^o CtOff'P^S 1 2 

[0 0 2 8] 03— i^stc, s i 02 m<oBm^^^y 
;!-hu>?xhjii 3<^S)fe:/p:7r-Y;i/^^*ro 03 
ti. s i 02 Mi^^j&i/^^TSt). hu^^^xbSi 

3C0J5^ 1 0 0 nm^L/Co C<?)^'&ti:> MT^fflU-if 
[0 0 2 9] 04t±. S i 02 gicO®^^7 5 nm^L 

^?S<bTfe7=a-b Uv^X he 1 3 gptc < unti^^ li 

[0 0 3 0] <ine>ii:5*L^ m5fji^'4^mmmmicmMT 

2 5nm. :7 :t bUv^X h/l 1 3 (DBSf^"^ 7 0 n m<Dm 



mi 

(4) IfP^I 2 0 0 0 - 2 1 0 3 3 

6 

c tt'^'^mmc^ti^^xi^^^o 
[0 03 1 ] :kic^ **J^a^gfllco)fex>rx^MS^?^^it 
yu^xicri^i^^xme^mi^^xmrn-r^o *■r^ 0 6 

mm I It's immco^. ^mm\ 2^±cn^m 
10 mimmLxiBfS,^n^s i02 mtmmx^)^. 
mic^m^x&^o me (b) ^.T<^^ic^mm 

tc. 06 (c) tc^-rj;'5lc>'::e- hUi^'X hS 1 3±tc 

^n/c7:t bus^xhiii 3^}a^^&?af^JStcj;*:)?ift 

[0 0 3 2] 0 7ti:. C J; -9 i5;l]^^^fSi?'r ^/ci6cO 

^ytmytmtis:^u-^*ytm2 ifj^i^mrcu-v'-\£- 
L.i.±mi(o^^m^2 2icx^. ^(Dm^^-y^'y-2 

3lC^y)r.yj\^lC^^:^n. -73ti:7¥:1^tB^2 4tc«;()> 

-fj^-'^trj::^xo\c. ytmmm%2 5ic^'oxm\<o 
[0 0 3 3] /\-y^^-2 sic^^x^^^ntcmyj 

cOU-^^tf-i:vti:. m2C0)t^Pt§2 6lcAI*bT^3S 

^^-29tc^»9^rt^ nr^^^* u>'X 3 0 icASiT 
mi 3\cmm^n^o 

[0 0 3 4] c(Dt^mj^m\y-^^^--U<o/iy-ic^ 

3t^51{t?^<?3lf^y hO;^^^. m^mM^^ ^ tff^X^ 
U-'tf7feai2 1 (:0|gtg2gg^ 3 5 1 nm. 5>t*UV 
40 X3 0(?DBBPlB(NA^o. 9tt:s>t. m^mu-'f^ 

[0 0 3 5] c cD^imut'^^^i^^yt^^ ^ ^ r^ytmx 
iBiiL. ^(Drm'^(o^^^cmm^^^tx\ me 

[0 0 3 6] ^LT. c:i^)^T^YX^atS±l^:B^«ffl 
50 >feT^>fX^^?D«^tiSWI]ix Sfc:t2^S^ffl)fex-<X^ 
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(5) 
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[0 0 3 7] 

[1^4] |iIlll}Smmc:font5S i O2 M<^IKJP;b^7 5n 

[o 5 ] mnmmmjc^^f^ s i o 2 iK^^^if^b^ 2 5 n 



70 



20 



[07] *^B^tc€^^7^;-r^X^m^^cfafS-rs/'ca6(^ 



1 0 

1 1 
1 2 

1 3 
1 4 
1 5 
2 1 

2 2 
2 3 
2 4 
2 5 

2 6 
2 7 
2 8 

2 9 

3 0 



[01] 



[02] 




13- 



12- 



V2 



dr 
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(6) 



20 0 0-21033 



300 / = 200 



H00(mJ/cm2) 




[135] 



P = 300 P=200 ^P = IOO(mJ/cm2) 
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(d) 
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17] 



22 
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10 < — :;r30 



28 
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